Modulation of the effect of vascular endothelial growth factor on endothelial cells by heparin: critical role of nitric oxide-mediated mechanisms.
In spite of intensive research, the actual role of heparin in endothelial cell (EC) biology remains incompletely understood. In particular, further insight is needed into the interaction of heparin with the potent heparin-binding angiogenic factor, vascular endothelial growth factor (VEGF). This study aimed to examine the effect of heparin on VEGF-mediated EC responses. Confluent bovine aorta EC were treated with high (HMWH) and low molecular weight heparin (LMWH). 3H-Thymidine (3H-Thy) uptake, flow cytometry, 51Cr-release, nitrites accumulation, and cytosolic free Ca2+ ([Ca2+]i), endothelial nitric oxide synthase (eNOS) mRNA expression and tissue factor (TF) concentration were measured. HMWH and LMWH blocked VEGF proliferative actions and blunted VEGF-induced [Ca2+]i transients. However, the heparins did not block the VEGF protective effects on EC. These changes occurred in parallel with a potentiation of the VEGF-related NO production by both heparins. The Akt/PI3K inhibitor, LY 294002, blocked this potentiation, related to increased eNOS activity rather than eNOS expression. Connecting both effects, the NO antagonist, L-NAME, shifted the protective effects of VEGF to a cytotoxic mode. HMWH and LMWH block the proliferative and [Ca2+]i-mobilizing effects of VEGF on EC, by a NO-dependent mechanism. On the contrary, VEGF-induced NO production is stimulated. The Akt/PI3K pathway at least in part mediates this effect. By changing the way the VEGF intracellular signaling is driven, heparin could act as a stabilizing factor for the endothelium, without stimulating vessel proliferation.